Background/Purpose: Musculoskeletal disorders (MSDs) are a significant public health problem. It has been observed that after leaving medical school, students are incapable of making a general assessment of the musculoskeletal system. Methods: Accordingly, a pilot study was planned using the Freedman and Bernstein questionnaire and carried out in medical schools in India. Three hundred and twelve students at different levels were enrolled and administered the questionnaire. The correctness score for each student was obtained in each group and compared with the recommended qualifying score. Results: For the sixth term and the ninth term, 44.61% and 50.71% students met the criterion, respectively, while interns showed the highest proportion of 71.42%. For the majority of the questions, the awareness level of ninth semester students and interns was better than that of sixth term students. Conclusion: Compared to studies in other countries, the situation in India is not different. Medical institutions should place stress on orthopaedic education to provide better physicians.
Introduction
Musculoskeletal conditions have an enormous and growing impact worldwide. They are the most common cause of chronic pain and physical inabilities. Musculoskeletal disorders (MSD) contribute 37% of the disease burden which is attributable to occupational risk factors globally, resulting in substantial disability. 1 Despite mechanisation and automation, there is an ever increasing incidence of MSD, which has an adverse impact on the individual and the society. The Federal Bureau of Labor Statistics (BLS) has defined MSD as injuries and disorders to the muscles, nerves, tendons, ligaments, joints, cartilages, and spinal discs. MSDs are a significant public health problem today, due to their high impact on disability, personal sufferings, absence from work, and the direct and indirect costs to the health care system. The Bone and Joint Decade (2000e2010) was launched to increase the awareness, and to encourage research and international cooperation in the prevention and treatment of MSD. 2 Orthopaedic surgeons took leadership in this movement; however, to achieve a high quality of musculoskeletal care, all physicians need to understand the basic principles of diagnosing and treating these disorders. Medical school education should provide physicians with this critical foundation. 3 A solid knowledge base in orthopaedic medicine should be acquired in medical school and refined during postgraduate training. 4 Surveys show that undergraduate medical students spend very few hours on the musculoskeletal system, both in basic science and in clinical training. 5 Usually, a medical student is considered as incompetent if he/she is unable to adequately assess heart or lung problems; however, it is common that after leaving medical school, most students are incapable of making a general assessment of the musculoskeletal system. This is possibly because training in orthopaedics and rheumatology is rarely mandatory in systems with rotating internships or in family practice training programs. The frequency of musculoskeletal complaints that arise in clinical practice dictates that all medical students should be well versed in musculoskeletal medicine. However, it has been observed that the medical schools do not provide adequate musculoskeletal education in their curricula. Some students failed to show cognitive mastery in musculoskeletal medicine, as measured by Freedman and Bernstein's validated musculoskeletal examination. Freedman and Bernstein developed a questionnaire with 25 short questions to examine the basic musculoskeletal knowledge in medical undergraduate students. These questions are based on the topics that are repeatedly observed in primary care practice, such as fractures and dislocations, arthritis, low back pain and sciatica, and basic anatomical knowledge that is necessary for physical diagnosis. The questioner was examined for necessary competency in musculoskeletal medicine and validated for significance and to suggest a passing score. This validation was carried out by all 124 chairpersons of orthopaedic residency programs in the United States. The mean passing score proposed by the chairpersons was 73.1 ± 6.8%. 6 Day and Yeh 7 observed a lack of clinical confidence in examining the musculoskeletal system. In a study by Yeh et al, 8 they reported that only students interested in orthopaedics residencies met the passing criterion for Freedman and Bernstein's examination and exhibited above average clinical confidence. Although most musculoskeletal illness is managed by primary care providers, and not by surgeons, evidence suggests that primary care physicians have inadequate training in musculoskeletal medicine. We believe that the situation in Indian medical education is similar, and accordingly planned a survey based study. The purpose here was to assess the musculoskeletal knowledge levels in students who are in the final stages of a bachelor's degree of medicine. Thus, 3 rd year and final year students, as well as students completing their internship training, were included in the study. The aim was to determine whether there are differences in the knowledge levels of 3 rd year, final year, and intern groups and if so, which aspects of knowledge differ and in which student groups. Secondly, it was of interest to determine the proportion of students who met the passing criterion for Freedman and Bernstein's test in these groups.
Methods
A validated musculoskeletal examination questionnaire developed by Freedman and Bernstein (1998) consisting of 25 questions was administered to students in the 3 rd year (6 th semester) (n ¼ 130), final year (9 th semester) (n ¼ 140), and those completing internship training (n ¼ 42). The study was conducted at a medical school in Bangalore, India. All of the 312 students participated voluntarily. It was ensured that no such examination was previously attended by any student. The examination was conducted simultaneously for all three groups, under the supervision of trained invigilators. There was no time limit for the examination, but students had to complete the questionnaire under vigilance of investigators and were not allowed to use any books, the internet, or study material for reference. No communication was allowed between students during the examination. Each question was allotted one mark and the recommended passing score of 73.1%, as suggested by Freedman and Bernstein, was adhered to. 6 The responses to questions obtained for each student were collated and analysed in view of the objectives.
Statistical analysis
The correct responses for each student were aggregated to determine if he/she has met the stated passing criterion. Moreover, the total correct responses for each question were also obtained in each student group. This data was used to assess the overall knowledge level of students on various aspects of MSD across the groups. The statistical significance of difference in the proportion of correct responses to a question between the two groups was evaluated using the Marascuilo procedure. 9 The observed absolute difference for a question between a pair was compared with critical difference obtained by the Marascuilo procedure. If the observed difference exceeded the critical difference, statistical significance was affirmed. The analysis was repeated for all 25 questions and all of the three pairwise comparisons. Also, the statistical significance of difference of qualifying proportions across groups was determined. The significance was tested at the 5% level and analysis was performed using the R 2.15 programming package (Kurt Hornik, Auckland, New Zealand).
Results
The responses given by each student to questions were evaluated for correctness by the same investigator. The score in terms of percent was obtained for each student based on correct replies. Also, the number of correct replies to each question was obtained according to groups. Table 1 shows the distribution of correct responses to each question in percentage for the three groups. Overall, it was observed that the knowledge level about fracture treatment [question (Q.) 5] and lumber nerve root testing (Q. 11) was the lowest, with only 16.99% and 16.35% of students, respectively, knowing the right solutions. By contrast, knowledge about examination of newborns (Q. 1), nerve compression in carpal tunnel syndrome (Q. 10), and structures at risk due to displacement of the fibular neck (Q. 15) was much higher, with >75% students correctly answering these questions. To determine the statistical significance of difference in the proportion of correct responses for each question, a pairwise analysis of groups was performed separately for each question using the Marascuilo procedure. The results obtained are shown in Table 2 , which displays the observed absolute difference between the paired groups, followed by the corresponding critical difference and the statistical significance. For Q. 1, the difference in the proportion of correct responses across groups was statistically insignificant, as indicated by pairwise comparisons. The findings for Q. 21 and Q. 25 were similar. For Q. 4, Q. 6, and Q. 18, the difference of proportion was insignificant between the sixth term and the ninth term, while it was significant between the sixth and the intern groups. The difference between the ninth term and intern groups was insignificant. For Q.13, Q. 16 and, Q. 19, only the difference of proportion between sixth term and ninth term was significant, while the other two comparisons showed an insignificant difference. For Q. 12, the percentage of correct responses in the ninth term was significantly higher than that of the sixth term and interns. For the remaining 15 questions, the awareness level of students in the ninth term and interns was much better than sixth term students, as revealed through statistical significance. The difference of proportion was insignificant in ninth term students and interns, indicating not much change in the knowledge levels of students in these groups.
As per the recommended passing criterion suggested by Freedman and Bernstein (73.1%), the proportion of students passing the examination in each group was determined. In the sixth term, 58 (44.61%) students met the criterion with a mean score of 40.7 ± 8.73, while in the ninth term, 71 (50.71%) could qualify with a mean score of 60.4 ± 9.81. In the interns group, the qualifying 
Discussion
Knowledge about Musculoskeletal disorders is fundamental in clinical practice. However, studies from different countries reveal that during medical schooling, students devote less time to this topic, and as a result they have lesser competencies in handling such cases in their practice. 10 In Canada, 27.4% of primary care practice involves MSD, and only 2.26% of the curriculum in Canadian medical schools is devoted to musculoskeletal education. 3 In the United States, medical schools do not have a formal musculoskeletal course during undergraduation. 11 In India, orthopaedic teaching forms 3.7% of the total undergraduate medical curriculum. 12 In South African medical schools, a small percentage of the undergraduate curriculum is allocated to teaching orthopaedic medicine. 13 Despite the growing burden of Musculoskeletal disorders and the need for appropriate care in this area, young medical professionals lack competency in musculoskeletal knowledge according to the Freedman and Bernstein test. A study by Yeh et al 8 revealed that only those students interested in orthopaedics showed cognitive mastery and adequate clinical confidence in musculoskeletal medicine. We believe the scenario in Indian medical education to be similar and accordingly conducted a study at the undergraduate and intern level. The Freedman and Bernstein test involves typical orthopaedic problems like fractures and dislocations, low back pain, and osteoarthritis. It also covers basic anatomical knowledge necessary for physical diagnosis. The overall qualifying percentage was 50.96%, which was much higher than a study conducted in Barbados, West Indies with only 18% passing the test.
14 A pass rate of 39% was reported when the same examination was administered to interns in Australia. 15 The overall mean score obtained in the study (57.7 ± 9.02%) was quite close to that reported by Menon and Patro 12 in their study (59.06 ± 12%). In our study, the mean score for interns was highest (72.02 ± 10.1%) compared to the other two undergraduate groups. This score was marginally higher than the mean score of 69.4 ± 12% obtained for interns in Australia. 15 We further analysed the competencies of students according to type of question: clinical (Q. 1, 4e6, 8, 9, 11e13, 15, 16, 24, and 25) and theoretical (Q. 2, 3, 7, 10, 14, and 17e23). It was observed that the overall percent correctness for theoretical questions was 54.05% compared to 44.85% for clinical questions. This finding was comparable to 51.95% and 44.32%, respectively, obtained by Menon and Patro. 12 Also, Dachs et al 13 obtained the percent correctness for clinical and theoretical questions as 51.4% and 39.4%, respectively. The question relating to clinical examination of newborns (Q. 1) was answered correctly by the majority of students from each group (overall 75.16%), thus showing an insignificant difference of percent correctness across the groups. Another question from the clinical category showing an insignificant difference of percent correctness across the groups was about muscle controlling external rotation of the humerus (Q. 25). Although the difference was insignificant, the percent correctness in each group was lower (overall 38.62%) indicating a lack of awareness of students as regards this clinical aspect. For other clinical questions, such as Q. 5, 8, 9, 11, 15 , and 24, the ninth term students and interns had better awareness compared to the sixth term students. Treatment solutions for facial fractures (Q. 5) were least known to students in the sixth term (7.31%) compared to the other two groups. In addition, these students had poor knowledge about testing the motor function of the fifth lumber nerve (Q. 11: 5%) compared to other groups.
In a study by Dachs et al, 13 the percent correct response to this question was lowest, i.e., 9%. On the theoretical front, for Q. 2, 3, 7, 10, 14, 17, 20, 22 , and 23, the ninth term students and interns had better knowledge levels as compared to the sixth term students. Compartment syndrome (Q. 2) was much better known to students of the ninth term and interns (90.36% and 94.05%, respectively), as compared to those of the sixth term (28.46%). Students of the sixth term were less aware of low back pain (Q.14: 13.85%) compared to the other two groups. Further, they were less knowledgeable about the malignancy detection (Q. 19: 12.31%). Almost equal proportions of students from the three groups knew about the differences between osteoporosis and osteomalacia (Q. 21), as well as differences between rheumatoid arthritis and osteoarthritis (Q. 18). In general, the theoretical based questions were scored well when compared to clinically oriented questions. This shows the need for more clinical exposure in orthopaedics for medical students in their curriculum.
Responses to the same set of questions were analysed from a region-specific perspective, following the classification provided by Day and Yeh. 7 The percent of correctness and statistical significance of correctness across groups for upper/lower extremity, back, and others was studied. The overall percent correctness of questions related to upper extremity was 53.22%. This was higher than 48.92% which was obtained by Menon and Patro 12 and 39.18% by Dachs et al. 13 The ninth term students and interns performed better than the sixth term students on questions related to upper extremities. For lower extremity, the overall percent correctness in our study was 49.98%, which was close to 42.85% by Menon and Patro 12 and 45.34% by Dachs et al. 13 In this category also, the performance of the senior group was better than that of the junior group. The performance of students was worst on questions related to "back". The overall correctness was 22.01%, which was lower than that obtained by Menon and Patro 12 (36.25%) and Dachs et al 13 (31.43%).
The lack of knowledge about these questions among the sixth term students mainly lowered the overall percent correctness. In the "others" category, our findings almost matched with the above two studies. Overall, it seems that back and lower extremities related knowledge of musculoskeletal medicine was limited in medical students. This correlates with the inadequate clinical exposure to undergraduate students, where the majority of patients come with lower extremity and back complaints in OPD (Outpatient Department) units. In general it was noticed that the fraction of students with adequate musculoskeletal knowledge in the ninth term and the interns was significantly higher than that in the sixth term students. Awareness about such disorders and treatment modalities were known to more of the ninth term and intern students compared to the sixth term students. The confidence level of senior students in a physical examination was also higher than that of junior level (6 th term) students, although it was not measured objectively. Despite a higher percentage of senior students passing the test relative to juniors, it is yet insufficient considering the growing burden of MSD in the Indian population. The role of institutions is paramount in developing a curriculum which gives adequate importance to musculoskeletal disorders and also helps develop interest of students in this field.
There are some limitations of this study. Firstly, it was conducted only in one medical institution from a metro city, Bangalore. There are many institutions in India, which operate in semi-urban and rural sectors. Thus, the exposure to medical students is varied and hence the findings of this study may not be generalised under an Indian scenario. A more comprehensive survey involving institutes across the country would be required for more significant results. Secondly, the questionnaire used in the study has not been validated in India. Questions related to infections and congenital anomalies needs representation in the test. 12 In India, the incidence of musculoskeletal disorders has increased with the changing lifestyles of people in the past decade. In view of this, it is essential that young medical graduates have adequate knowledge and practical experience in dealing with this disorder. It is also the responsibility of medical institutions to place more emphasis on orthopaedic education in the curriculum and to generate confidence in students that would help them serve the society as good physicians.
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